Cerebrospinal fluid data compilation and knowledge-based interpretation of bacterial, viral, parasitic, oncological, chronic inflammatory and demyelinating diseases. Diagnostic patterns not to be missed in neurology and psychiatry Liquido cefalorraquidiano: compilação dos dados e interpretação avançada de doenças bacterianas, virais, parasitarias, oncológicas, inflamatórias cronicas e desmielinizantes. Padrões diagnósticos que não devem faltar em neurologia e psiquiatria
Cerebrospinal fluid (CSF) analysis for differential diagnosis of neurological diseases is still, 120 years after start of diagnostic CSF puncture 1 , not to be replaced without serious loss of basic, unique information. CSF analysis 2, 3 can provide information about many acute and chronic inflammatory, dementive, oncological or haemorrhagic pathological processes in the brain which can be provided neither by established electrophysiology nor by actual brain imaging techniques. This emphasizes the demand to perform CSF analysis with the highest possible quality 3, 4 . There is much knowledge collected about particular analytical parameters relevant for confirmation of the suggested diagnosis of a disease 2 . But the request for the particular analysis of a single specific parameter needs the preceeding exploration of the symptom-related diagnostic options. This is the rational behind a basic CSF analysis program which can point to, or exclude diagnostic suggestions. Such a CSF program 5 is based on the compilation of the complete spectrum of all CSF data from the individual patient in a cumulating CSF data report 3, 6 . The recognition of disease-related or disease-specific data patterns have been the rational for the development of knowledge-based interpretation software 6 . These concepts are meanwhile applied to many other fields of clinical chemistry, eventually associated with on-line data acquisition on nephelometer automats 6, 7, 8, 9 . A multilingual approach of A. Wormek 6 (http://www.wormek.org/csf.jsp) is open for development of an individualized Portuguese version.
Regarding the accumulated knowledge with this concept, it is hard to understand why many CSF laboratories in particular in wealthy countries, like the North Americas, offer very restricted CSF programs, eventually without an essential, concomittant serum analysis. The reluctance of many neurologists, which perform the lumbar CSF puncture only in rare cases, may be due to a combination of different deficits due to their educational tradition, economical conditions and health politics of their country or most unsatisfying due to a bad performance in their CSF laboratory.
CSF analysis for neurological and psychiatric diseases with a complete immunoglobulin class response (IgG, IgA, IgM) can provide not only a disease-related, typical pattern, it also can help to propose the best specific parameter to be analysed subsequently satisfying the diagnostic request. In particular where a classical culture technique for detection of the causative microorganism would need much to long (days to weeks) or a faster PCR analysis would be not sensitive enough, the detection of such an immunoglobulin pattern, analysed in a few hours, could give evidence for a fast decision for further investigations or immediate treatment.
Missing IgA and IgM analysis often means to miss an unexpected diagnosis or the clue for a differential diagnosis. As an example, CSF analysis is the only method to discriminate the possible causes of a treatable facial nerve palsy: The treatment of a patient for a viral cause in case of a bacterial inflammation is a serious risk to harm this patient's health.
The same is true for diagnostics in psychiatry: The symptomatic treatment of a psychiatric patient suffering from a bipolar spectrum disorder could be found wrong, if the CSF analysis shows an inflammatory cause.
In this review I want to show the relevance of a CSF analysis in the tradition of the cumulative CSF data report 3, 5, 6 . This compilation of all data of the individual patient considers the immunoglobulin response in the context of cytology, blood CSF barrier function, lactate and specific antibodies.
The following examples may be representative for the power of this approach:
• cause of a facial nerve palsy (IgM in differential diagnosis);
• neurotrypanosomiasis -(IgM for detection of brain involvement);
• neuroborreliosis -(Dominance of IgM in typical three class pattern);
• Non-Hodgkin lymphoma in the brain (exclusive IgM, and opportunistic tumor);
• brain abscess (IgA);
• neurotuberculosis, (IgA, lactate and QAlb);
• X linked adrenoleucodystrophy (exclusively dimeric IgA);
• neurosyphylis (no IgA synthesis, IgM discriminates different pathologies);
• opportunistic infection in HIV encephalitis (three class Ig response);
• monosymptomatic multiple sclerosis/ADEM (MRZ antibodies);
• psychiatric diseases with brain-organic cause of symptoms (oligoclonal IgG, marker proteins, barrier function, neopterin);
• localization of paracytes in subarachnoid space. I am aware that in many parasitic and tropical diseases 10, 11, 12, 13 after neuroimmaging the essential cytologic investigation in CSF 11, 12, 14 and also blood-based analytical procedures have priority. But the analysis of the basic immunoglobulin pattern like in the African trypanosomiasis 10 or Angiostrongylus infection 13, 15 may contribute to a faster and safer diagnosis of the brain involvement. A new perspective for localization of the paracytes comes from the different dynamics of blood-and brain-derived molecules in CSF 16, 17 . A complementary review in this journal 4 provides the physiological and biophysical knowledge base of CSF data interpretation together with reference values and comments for the analytical aspects of the corresponding analytes 18 . The conceptual approach to CSF analysis 5, 19 is not only a responsible act for the patients sake, it is also of imminent economical relevance. A complete CSF analysis saves money for the society by avoiding late or wrong treatments with an eventually dramatic increase of hospital costs.
Comments of several colleagues regarding their countries health politics encouraged me to write this review with the hope that it helps to improve the situation for their patients. But if neurologists don't ask for and clinical chemists don't provide the options, the public health system will not provide the financiation.
CompilAtion of Csf DAtA in the Csf report for the inDiviDuAl pAtient
An example of a cumulative CSF data report 5, 6, 19 , including the graphical representation of the immunoglobulin response pattern is shown in Figure 1 from a patient with neurotuberculosis. The compilation of CSF data in a cumulative report was invented in the 1970ies in the Neurochemistry laboratory in Goettingen by Helmut Bauer and Sigrid Poser, including the qualitative "Normo-Mastix curve", later replaced by the quantitative Reibergrams 3, 5 , to facilitate the pattern recognition "at one glance". Up today the cell count, total protein and lactate are the base for emergency analysis. The complete basic CSF program with visual inspection of CSF, Hgb, differential cell count and the fast analysis of albumin, IgG, IgA, IgM can be finished a few hours after CSF and blood extraction. An essential part of this CSF report is the implementation of the anamnestic informations from the neurologist like age of the patient, the suggested diagnosis or differential diagnostic questions. An extended analysis with more specific parameters may be based on this initial information.
The central part of any CSF analysis is the numerical or graphical evaluation of the intrathecal immune reaction and the detection of a barrier dysfunction. This has an old tradition 1 with many different historical solutions. Early quantitative evaluations in quotient diagrams 20 , were steadily improved and extended 21, 22 to the todays Reibergrams 3, 5 or Reibergramas 23 in Spanish speaking countries. Their theoretically founded, nonlinear discrimination between blood-derived immunoglobulins (Ig) and fractions from intrathecal Ig-synthesis (hyperbolic Qlim, bold line in Figures 1-6 ) replaced or should have replaced the linear IgG-or IgM-Index with their false interpretations 5, 24 . As an important mile stone, the theoretical foundation of the hyperbolic reference ranges in quotient diagrams by the molecular diffusion/CSF flow model 22 led to a completely new view on the blood CSF barrier function. The common use of terms like "leakage", "barrier impairment" or "barrier breakdown" to describe an increased QAlb, is misleading and not founded by any hard facts. The only reason for an increased QAlb, i.e., a blood CSF barrier dysfunction, is the decrease of the CSF flow rate 22 (s. complementary review 4 ). The quotient diagrams (Reibergrams) present both information about immune response pattern and barrier function recognizable at one glance and are central part of the data evaluation in the cumulative CSF report.
The interpretations in the CSF report 5, 6, 19 from the routine laboratory data analysis includes three subsequent interpretation steps:
1) The reference range-related evaluation of analytical values for the individual parameter which allows to decide between normal, pathological and eventually borderline values.
2) Evaluation of the combined data set which gives medical and analytical information in a standard set of choices based on physiological, biochemical, biophysical and clinical knowledge from neurological diseases (s. complementary review Other examples of the free comments 6, 19 are associated with the single paragraphs in the following text.
An example of the interpretation steps in Figure 1 for a neurotuberculosis (TB) looks like: 1) Cell count increased, Age-related QAlb pathological, QIgA > QIgG und IgA IF > 0%, lactate increased > 3.4 mmol/l.
2) Blood CSF barrier dysfunction, Inflammatory process, Intrathecal IgA synthesis,.
3) The combination of an intrathecal IgA synthesis, pathologically increased lactate (> 3.4 mmol/l), a severe blood CSF barrier dysfunction and intermediate increase of the cell count is a typical result found with a very high plausibility for neurotuberculosis. The correspondingly specific investigations for TB are adviced.
Knowledge-based data interpretation
The software-supported, knowledge-based data interpretation 25 , was created to support the informed clinical chemist or neurologist, but not to replace the expert, what the initial "expert systems" intended to do. The quality of a knowledge-based data interpretation depends on the number of analytical and diagnostic parameters involved. Any additional information may change the interpretation. What seems to be a normal report with only IgG analysed, may become an inflammation or tumor if intrathecal IgM is found, or the normal "complete" CSF report may lead to the intrathecal VZV antibody detection if the clinician communicates that the patient suffers from a facial nerve palsy (Figure 2 ).
So, a knowledge based data interpretation on a large data base helps to avoid wrong interpretations and points to further analysis in the daily laboratory routine but remains to be controlled by the experienced neurologist or psychiatrist to find the final diagnosis.
This diagnostic approach of a software-supported, on-line data acquisition from nephelometric protein assays, together with knowledge based interpretations and comments ( Figure 1) 4 became the model for the different professional laboratory software solutions 5, 6, 7, 8, 9, 23 . The basic knowledge base is reported in the complementary review in this issue 4 
Csf -DAtA pAtterns in seleCteD neurologiCAl DiseAses
The selection of the following diseases is based on the particular relevance of the IgM-and IgA-synthesis in the frame of the complete immune response pattern. But this does not mean that diagnosis of the many other diseases would not benefit from this general approach. Depending on the diagnostic question of the neurologist or psychiatrist patterns can either lead to a subsequent more specific analysis or by exclusion of the suggested diagnosis pointing to an unexpected disease. A more complete table with the disease-related relevance of CSF parameters is given in the textbook 19 . IgG: The intrathecal IgG synthesis is the most frequent immune response detectable in 50% of the inflammations in the daily routine CSF analysis 9 . This means that these cases are much more dependent on the information from accompaning analysis. Intrathecal IgA-or IgM-analysis with only half the frequencies 9 have a much higher discriminative power.
IgM: The interpretation of an intrathecal IgM analysis is different from blood IgM: It is not a sign of the acute phase of a disease as the isotype switch occurs not in brain 26 . IgA: 90% of the blood-derived IgA in CSF passes the barriers as the monomeric molecule. The intrathecally synthesized IgA is primarily the dimer 27 , like in mucosal secretions 28 . IgG + IgA + IgM: A basic help for the differential diagnosis comes from the classification of a one, two, or three class immune response with determination of a predominant intrathecal immunoglobulin class response (review 4 ). These specific analytical patterns have no particular pathophysiological meaning. The influences are very complex, like time course and localization of the disease process. As described for Multiple sclerosis (MS), immigration of specific B cells into the brain is arbitrary and may vary locally in the individual patient 26 (review 4 ).
Dominance of intrathecal igm in Csf pattern

Facial nerve palsy
With the communicated observation of a facial nerve palsy by the physician the immunoglobulin patterns in Figure 2 guide to the subsequent analysis:
• In case of the pattern with a predominant intrathecal IgM synthesis (IgM IF > IgA IF ,IgG IF ) 4 the subsequent analysis for a borrelia antibody synthesis leads to an antibiotic treatment.
• A normal Ig pattern, typical for the viral cause, led to detection of the increased Varicella Zoster Antibody Index (VZV-AI) with an antiherpetic treatment.
• An increased VZV-AI was accompanied by detectable oligoclonal IgG (OCB) only in about 50% of the cases. This is typical for an acute disease compared to a chronic disease like MS with a very high frequency of OCB (98%).
• In case of a borrelia caused facial nerve palsy the immunoglobulin pattern matches well the pattern found in a neuroborreliosis 29 . There is no other method available for the differential diagnosis of a facial nerve palsy which could replace CSF analysis. 
Neuroborreliosis
The three class immune response with a predominant IgM, weaker IgA and an occationally only by OCB detectable IgG synthesis ( Figure 2 ) is very characteristic for this disease 29 , in particular if the lactate value is normal. In areas with a high incidence of borrelia infections the probability is very high, that a seropositve patient has another neurological disease (e.g. MS 26, 29 ). This makes such a pattern very relevant to avoid a false positive interpretation with wrong treatment. This frequent bias may be one of the reasons for interpretations like the so-called post lyme syndrome, eventually the consequence of another not diagnosed disease 29 .
Neurotrypanosomiasis
The African trypanosomiasis (trypanosoma ghanense or rhodense) is an example where CSF analysis with predominant intrathecal IgM synthesis in 95% of the cases 10 ( Figure 3 (Figure 3) , is crucial for the diagnosis of a neurotrypanosomiasis. These cases document that without an immunglobulin pattern analysis many false negative and false positive interpretations occur 10 . This is crucial for the patient as the treatments of a systemic disease is different from the effective treatment in case of a brain involvement 30 . Serum analysis may provide also an essential diagnostic information with this extremely high systemic IgM synthesis (Table) , characteristic for paracytes with a fast, steadily changing surface protein pattern.
The presence of a single paracyte in the CSF is not sufficient to state unambiguously the involvement of the brain.
This disease is an example for the relevance of CSF analysis to exclude/detect at the earliest possible time safely an involvement of the brain, with relevant consequences for the best treatment of the patient.
For Chagas disease, the Latinamerican trypanosomiasis 31 , caused by trypanosoma cruzi, the detailled immunoglobulin response pattern is not available. But reports 13 which state normal CSF values or only slight increase of proteins may represent the different pathomechanism as an expression of the parasitism described 31 .
Non-Hodgkin lymphoma
An isolated intrathecal IgM synthesis without any other neuroimmunological responses in CSF can be observed from a Non-Hodgkin lymphoma in the brain (Figure 4) . It is important not to misinterprete such a result as an inflammation, e.g., by the sensitive exclusion of an intrathecal IgG (OCB) and IgA synthesis together with a corresponding cytology. General conclusions: A predominant intrathecal IgM synthesis can be observed in bacterial and parasitic as well as in viral diseases, like the mumps meningoencephalitis (not shown), but also in cases of an eventually opportunistic tumor. So, the interpretation as a typical disease-related pattern depends on the analytical context of complementary CSF parameters together with the communicated differential diagnostic question.
Dominant intrathecal igA in Csf patterns
Neurotuberculosis
A predominant intrathecal IgA synthesis with a (severe) barrier dysfunction and significantly increased lactate in CSF represents a pattern which has almost no alternative interpretation to a neurotuberculosis (Figure 1 and comment example above). In some cases the IgA synthesis may be recognized initially only by the relation QIgA > QIgG in spite of a QIgA value borderline to the reference range in the quotient diagram. Occationally the intrathecal IgA synthesis is accompanied by oligoclonal IgG. An intrathecal IgM synthesis may be observed only in later course of the disease after a delayed start of treatment. Albumin quotients with up to QAlb = 400 x 10 -3 indicate the seriously reduced CSF turnover rate. The PCR analysis is the method of choise to confirm the suggested disease 3, 5 . In areas with a low incidence of tuberculosis the diagnosis of the neurotuberculosis may be suggested very late with a fatal consequence for the patient where the basic CSF analysis could have given a clear hint to this diagnosis already at the first diagnostic CSF puncture.The classical confirmative culture needs to much time for an orienting differential diagnosis.
Brain abscess -course of CSF data in a bacterial meningitis
The repetition of lumbar puncture is rare, restricted to complicated cases. Earlier reports 5, 19 show the normal course of the immunoglobulin data after an immediate treatment of a bacterial meningitis without any humoral immune response. But complications seen after start of the treatment 19 , patients with multiple cortical abscesses after purulent meningitis 5 or patients with risks like congenital heart defects 5 show a most alarming picture: Intrathecal IgA synthesis combined with blood CSF barrier dysfunction, sometimes with an irritating low cell count, not typical for a bacterial meningitis. So the intrathecal IgA synthesis, common to these cases, allows the characterization of a suspicious round nodule detected by the imaging techniques.
The fast diagnosis of a bacterial meningitis which is based on cell count, total protein and lactate analysis does not need an immunoglobulin analysis. But in case of a brain abscess this basic pattern analysis may be life-saving.
X-linked adrenoleucodystrophy (ALD)
An intrathecal IgA synthesis was observed in 13/14 young children with a symptomatic cerebral adrenoleucodystrophy 32 but not in asymptomatic cases or cases of adrenomyeloneuropathy. In three cases of this symptomatic ALD, there was an additional intrathecal IgG or IgM synthesis, the barrier function was slightly increased in 9/14 cases with QAlb < 13.5 x 10 -3 , typical for a chronic course of neurologic diseases. Lactate in CSF was normal (different from neurotuberculosis with IgA synthesis) and the M,R,Z reaction was absent (different from the also demyelinating process in MS). The demyelination is detected by the MRI analysis correlated with the symptomatic disease 32 . The IgA synthesis is secondary to the demyelination in ALD. But the predominant appearance of the IgA isotype is different from the classical demyelinating disease, the MS, with a predominant B cell immigration of the IgG class.
CSF analysis in this example of a genetically determined metabolic disease can contribute to the differential diagnosis but also to the understanding of the pathological processes 28 for a selective intrathecal IgA synthesis.
Neurosyphilis -absence of intrathecal IgA and neuroimmunological scar
As shown earlier 5 the immunoglobulin pattern of a neurosyphilis is characterized by an intrathecal IgG synthesis (of course with OCB) and with a strong intrathecal IgM synthesis in case of parenchymatous and less intense or absent in a vascular pathomechanism of the disease 5 . But in both cases the absence of an intrathecal IgA synthesis is a typical part of the intrathecal immune response.
Neurosyphilis is also a representative example for duration of intrathecal synthesis: Still up to 20 years after sufficient treatment 19 , a slowly decaying treponema-AI can be found increased. This delay of normalization is also seen in cases of neuroborreliosis. A reactivation or reinfection can only be detected by the change of blood parameters like IgM class antibodies or increased cell count in CSF but not by the intrathecal humoral immune response. In this case persisting B-cells in brain have no pathological relevance.
It has to be kept in mind that intrathecal synthesis can be a neuroimmunological scar and should not be misinterpreted as a reason for treatment.
opportunistic brain diseases : three class immune reponse
Due to the improved therapies for HIV patients in the wealthy countries, the opportunistic infections declined. Nevertheless it remains a diagnostic demand to discriminate opportunistic diseases of the brain.
The early HIV encephalopathy with an immunoglobulin pattern in the normal range (Figure 4 ), but oligoclonal bands in CSF, increased HIV-AI > 1.5, a slightly increased cell count and a normal barrier function is significantly different from an opportunistic toxoplasmosis (Figure 4 ) with a three class immune response with or without a barrier dysfunction and a significantly increased cell count. Any picture like this with a two-or three-class immune response 19 is indicative of an opportunistic infection with the demand to search for the causative antigen (toxoplasma, cryptococcus, etc).
The third case with an isolated intrathecal IgM synthesis (Figure 4) , together with immune responses like in the first case, is typical for an opportunistic Non-Hodgkin lymphoma. Due to changes in the treatment regime this opportunistic tumor is declined in HIV patients, but may be oberved in other conditions like a iatrogenic immune deficiency.
The corresponding comments in the CSF report could be:
• Intrathecal three-class responses with HIV AI ≥ 1.5 indicate opportunistic infection (recommendation: analysis of the respective antibodies, or PCR for relevant microorganisms) or Isolated intrathecal IgM synthesis in case of a HIV encephalopathy may be indicative for a Non-Hodgkin lymphoma.
parasitoses and Csf flow rate
The diagnosis of paracytoses 2,10,11,12,13 is either easy or a demanding challenge. The detection of the paracyte in blood may need just a microscope. But the detection of the brain involvement asks for neuroimmaging and CSF analysis. As many of the parasitoses are endemic in (rural) areas with a poor medical infrastructure the diagnosis of a brain involvement becomes a serious problem for the practitioner. The less the economical resources the more important becomes a sophisticated cost-efficient sequence of analytical procedures 2,5 based on screening methods leading to the more specific analysis.
Additionally, with the worldwide migration dynamics parasitoses are not restricted to the tropical countries and screening methods are necessary to alert the physicians in the northern countries for an unexpected diagnosis to request the subsequent, suitable specific analysis 2 . A complete CSF data pattern analysis may represents such a screening method, as described for the neurotuberculosis with a dominant IgA synthesis (above and Figure 1 ) or the neurotrypanosomiasis (Figure 2) where the predominant IgM in the intrathecal immunoglobulin pattern is of crucial diagnostic relevance 10 . But, at time of first diagnostic puncture there may be no information from the immunoglobulin pattern like in the acute eosinic meningoencephalitis in children induced by angiostrongylus cantonensis 14 which starts with a blood CSF barrier dysfunction without humoral immune response. A three class immune response appears only about 7 days later with the fast normalization of the barrier dysfunction (s. Figure 18 .1 in Reiber and Schmutzhard 13 ). So in these cases the eosinic pleocytosis in blood and CSF is the predominant sign, common with other nematodes 13 .
A particular diagnostic challenge comes from the complicated life cycles of the cestodes and trematodes 13 . As for all helminthes the neuroimmaging is of diagnostic priority. But there is a particular need in these cases to discriminate between locations in brain, spine and extraparenchymal manifestations or involvement of the spinal roots. For these cases CSF analysis can offer crucial information from the changes in CSF flow rate and the different dynamics of molecules from blood, brain and leptomeninges in CSF.
The new understanding of the blood CSF barrier dysfunction as a reduced CSF flow rate 17, 22 has an important potential for sophisticated interpretations.
In neurocysticercosis 33 the restriction of CSF flow by cysticerci in extraparenchymal locations are well known and discussed as source for hydrocephalus 33 . The insensitive detection of extraparenchymal cysticerci by CT and MRI 33 emphasizes quite general the relevance of CSF analysis. The increased albumin quotient (Qalb) 4 is the indicator for the blockage of CSF flow way in the extraparenchymal, subarachnoidal space and helps to discriminate from parenchymatous neurocysticercosis 2, 33 . But, in addition to the sheer analysis of albumin the comparison of blood-derived with brain-derived proteins in lumbar CSF may be a still more specific help.
In the neuroschistosomiasis 34 the severity of the disease depends on the different localizations, the amount of the eggs and the surrounding inflammatory process. Different from the cysticerci in the subarachnoidal space here the increased Qalb (reduced CSF turnover rate) in lumbar region comes eventually from a blockage of the CSF outflow at the spinal roots (like in radiculitis Guillain Barré). In this case of an outflow blockage the relation of the brain-derived to blood-derived proteins in lumbar CSF are normal 16, 17 . This is different from cases of increased Qalb below a spinal blockage (Froin's syndrom, cysticerci, tumor, disc prolaps) with a relatively reduced concentration of brain-derived proteins in lumbar CSF. So these different dynamics of the brain-derived, blood-derived and leptomeningeal molecules 16, 17 in CSF may offer a crucial help to discriminate between the different forms of the spinal cord mansonic neuroschistosomiasis 34 .
These considerations explain why total protein analysis can not replace the separate analysis of single proteins in CSF. The rough correlation between albumin and total protein in CSF 5 is not helpful for differential diagnosis in cases with an intense immune response in blood 10 or brain 3 or with different contributions of brain-derived proteins in CSF, described above.
multiple sclerosis and the polyspecific mrZ antibody reaction
In MS patients but also in patients with an autoimmune disease with involvement of the brain (neurolupus, Sjögren syndrome) the intrathecal synthesis of affinity-maturated IgG class antibodies shows a uge variety of antigen specificities 26 . All antibodies for which the MS patient had a former systemic infection or immunization 26 can be found synthesized in brain with frequencies between 10% and 30% (see complementary review 4 and references 35, 36, 37, 38, 39 ). But the frequencies are extraordenary high for measles antibodies (up to 80%), rubella antibodies ( up to 67%) and VZV antibodies (up to 63%) with a combined frequency for one to three of them, with up to 96% and for the more specific frequency of the diagnostic relevant combination of two to three increased antibody Index values up to 75% of the MS cases individually depending on the total amount of intrathecal IgG 36, 39 . In spite of decades of research with changing targets there is no indication of a causative role 35 of the virus antibodies, the role of intrathecal B cells is regarded to be specificity independent 26 . Due to its high frequency this so called MRZ antibody reaction is diagnostically relevant.
The analysis is less sensitive than detection of Oligoclonal IgG bands but more specific than oligoclonal IgG or the immune response pattern ( Figure 5 ) for detection of a chronic inflammatory process, most common for MS and less frequent for autoimmune diseases with involvement of the brain. This immune response is either present already in the first monosymptomatic phase of the disease or remains absent as an indication for another disease 26, 36 . There is no CSF data supported "conversion" to an MS. This wrong impression comes mainly from variations by insensitive methods.
The MRZ antibody reaction allows an earliest detection of the monosymptomatic disease and a discrimination from an acute demyelinating encephalomyelits (ADEM) 36 .
As another example of a diagnosis-related comment in the CSF report in this case of an MRZ antibody reaction we could read:
• "Positive MRZ reaction: chronic inflammation (autoimmune type). Differential diagnosis: multiple sclerosis or autoimmune disease with involvement of the central nervous system".
The MRZ antibody reaction is superior to the imaging techniques which cannot discriminate different causes of demyelination (s. adrenoleucodystrophy) or other diseases "mimicking" MS 37, 38 39 .
psychiatric diseases
Many neurological diseases are accompanied by psychosyndromes. In some cases the neurological disease becomes apparent only by the initial psychiatric symptoms. So multiple sclerosis patients with initial exclusive symptoms of the bipolar spectrum disorder might see first a psychiater and might get a false symptomatic treatment, if CSF is not analysed ( Figure 5 ). This defines the primary target of CSF analysis in psychiatry: the exclusion of CSF abnormalities 40 . Due to the high frequency of oligoclonal IgG (isoelectric focussing not CSF electrophoresis) in chronic inflammatory diseases this analysis is the basic information a psychiatrist should ask for, to exclude an inflammatory cause of psychiatric symptoms, like in the cases with MS ( Figure 5) .
But the results of CSF analysis may be more complex as the following analytical results may show:
• In 30% of the patients with an affective or schizophrenic spectrum disorder the albumin quotient is increased 40 , i.e., decreased CSF flow rate, eventual without any other CSF abnormalities ( Figure 5 ). In the same group, independent from the patients with increased albumin, another 30% of these patients had an increased concentration of brain-derived neopterin in CSF 40, 41 , without any other signs of humoral or cellular immune response ( Figure 5 ). The carefully investigated absence of any other signs of inflammation or intoxication leaves these observations so far without a diagnostic relevance. The exclusion of medication-caused changes is a crucial precondition for the reliable interpretation of these CSF data in psychiatric patients, most of which have multiple drug treatments.
• In another group of psychiatric patients with an autoimmune encephalitis or systemic tumors with antineuronal antibodies, the inflammatory, immunological cause of their psychiatric symptoms is easier detectable by analysis of the corresponding antibodies in blood and eventually in CSF 42 .
• In a subgroup of the affective and schizophrenic spectrum disorders minor unspecific changes like activated CSF monocytes or increased CSF cytokines may give plausibilities for an inflammatory context 43 . But small molecules, like cytokines, which are metabolized on the way between brain and lumbar CSF, lumbar CSF data can not be reliably interpreted regarding the situation in the brain. CSF Neopterin is one of the few exceptions 41 .
• Since 1991, after the first Gulf war, new groups of psychiatric diseases were recognized as part of a "Post war stress syndrome" and "Combat-related post-traumatic stress disorder (PTSD)", which may be examples of psychiatric disorders with an immunological background 44 . Veterans began to exhibit fatigue, fevers, rashes, joint pain, intestinal problems, memory loss, mood swings and even cancers, a cluster of symptoms and conditions now referred to as "Gulf war syndrome" (English term) or "Dessert storm syndrome" (US term). In fact about 800.000 troups have been vaccinated with more then 8 vaccines in a short time of about two weeks. About 20% of the soldiers developed in the following 3-4 weeks the very variable spectrum of symptoms now accepted in the US as a chronic organic disease, different from the English patients which are diagnosed to have a "Post war stress syndrome" and eventually some patients were treated in psychiatry with electroconvulsive therapy (The Guardian).
There is a uge field of immunological research as we learn from post immunization problems in the normal population with similar symptoms, that the symptoms in the Golf war syndrome could be due to postimmunization problems 44 . But with the cases of the post-lyme-syndrome, discussed with the neuroborreliosis above, we have to consider these diseases in the wider context of the selforganized immunological network reactions 26, 44, 45, 46 . These examples show a dilemma of psychiatric diagnosis and therapies if the analytical approaches do not include CSF and corresponding blood analysis. This is a request for an update of the Diagnostic and Statistical Manual of Mental Disorders (DSM of the American Psychiatric Association) or international proposals for diagnostics in Psychiatry.
As well as in neurology, for psychiatric diagnosis a complete spectrum of CSF analysis is advised. Independent from a diagnostic relevance, CSF analysis may help to characterize the elementary fields of psychiatry for real mental diseases, discriminated from psychiatric symptoms accompaning immunological reactions with a necessarily different therapeutic approach.
Chronic diseases
The largest fraction of diseases in the Northern countries are the diseases with a chronic course. The understanding of chronic diseases, their development and their pathologies as well as the development of causal therapies is the greatest challenge for modern medicine. The cause of an acute bacterial meningitis may easily be detected and with the antibiotic treatment the steady worsening of pathological processes stopped. In such a case the body itself would not be able to limit the fast bacterial expansion with invasion of 10-to 100-thousands of cells into CSF and brain and a fast death. This is different in a chronic pathologic process where the causative antigen may either be locally restricted as in the eye in a Fuchs' heterochromic cyclitis 47 or may be not persisting at all as in multiple sclerosis 26 . In these cases the pathological process is less fatal, the body may have found a spacial or timely selflimiting regulation process. A model for such an immune reaction 48 is described for variation of the viral load eather leading to death, to immunity or at low viral amounts to a chronic process with persisting antigen and intermediate antibody concentrations, not in the state of immunity 48 , but representing a stable regulatory state 45 . From a CSF diagnostic point of view we find such limited changes in CSF of chronic inflammatory processes: a restricted increase of the cell count (< 20/μL) and only slightly, if at all, increased QAlb (< 15 x 10 -3 ). I.e., a cell count of 100/μL or a QAlb value of 50 x 10 -3 are not compatible with the diagnosis of an MS or an autoimmune disease with involvement of the brain (e.g. a neurolupus). Another characteristic of chronic diseases in CSF is the intrathecal IgG class response which is stable in the individual patient over long times, but individually at different levels of intensity 36 .
In general we observe in many diseases like high blood pressure, chronic heart diseases with heartbeat variability, osteoporosis with changed parathormon regulation, etc., stable pathological states which show in their regulation processes an increase of order or correspondingly a decrease of complexity 45 . This is best seen in the electroencephalogram of an epileptic seizure where time series of alpha waves change from a chaotic to a rhythmic time course. This is the field of selforganizing complex systems 45 which are not accessible by linear cause and consequence thinking. Part of this is the successless search for the gene-related pathologies, now continued in the epigenetics 45, 46 which must fail as well due to their linear approach.
A progress in research for chronic pathological processes in Neurology as well as in mental diseases of psychiatry will only be reached if the diseases are understood as stable emergent properties of a selforganizing complex system. In these cases one would not expect a loss, a new appearance or any change of molecular parameters except their change in concentration fluctuations in time as an expression of a change in complexity of regulation 45, 46 .
tumors and brain metastases -the diagnostic Csf space
The analysis of carcino-embryonic-antigen (CEA) in CSF and serum and its evaluation in quotient diagrams taught us two important aspects of CSF analysis:
• The diagrams with hyperbolic discrimination lines are applicable for all serum proteins, not only immunoglobulins 19 .
• The place of the pathological process in brain is the most important factor for the diagnostic sensitivity of CSF analysis.
A diagnosis of a meningeal carcinosis or intraparenchymal metastasis of a CEA synthesizing tumor (mamma, colon etc.) is detectable by an intrathecal synthesis of the carcino embryonic antigen. The extremely low mean concentration of CEA in normal CSF (2,7 ng/L) 49 may have been a handycap for more frequent applications of this powerful method. With the fact that CEA concentrations in blood (and subsequently in CSF) are hundred-to thousand-fold increased in case of a systemic CEA synthesizing tumor, the concentrations in CSF became measurable and the discrimination between a systemic restricted tumor and a meningeal carcinosis became easier to be detected 19 . ; CEA IF = 97%). The third case with normal Q CEA is either a colon-restricted tumor without a meningeal carcinosis and a barrier dysfunction from another cause or an intraparechymal metastasis far from diagnostic CSF space.
Due to the same effective molecular size as IgA (QIgA = QCEA), CEA can be evaluated with the IgA diagrams 19 . The high intrathecal CEA fraction in CSF ( Figure 6 ) with up to 99% is obtained due to relatively small 16 blood-derived CEA concentration. But as shown 49 the intrathecal CEA synthesis is detected only if the intraparenchymal metastasis is near the CSF space. With the early work on CEA as a tumor marker by Felgenhauer and Jacobi 49 for diagnosis of a meningeal carcinosis or intraparenchymal metastasis the idea of a diagnostic relevant CSF space was developed. A metastasis in the frontal lobe would not be recognized in CSF due to the long diffusion way. This is the reason why the CSF analysis of MS has such a high sensitivity: in most of the patients the circumventricular space is involved.
In 5-7% of brain tumors the presence of oligoclonal IgG bands in CSF indicate a secondary local inflammation without diagnostic relevance.
A possible comment in the CSF report could be:
• intrathecal synthesis of carcinoembryonic antigen (CEA) with Q CEA > Q Lim (IgA) or Q CEA > Q IgA indicates a tumor metastasis in the brain.
Only the pathological processes near the subarachnoid space can be recognized in CSF analysis: the diagnostic CSF space in brain.
variability of disease-related immunoglobulin patterns
The described "typical" disease-related patterns of the immune response (IgG, IgA, IgM), shown in the examples in the Figures 1-6 , refer to the first, "diagnostic" lumbar puncture. Their specificities are founded by a large number of observations over decades of years. The frequency by which these typical patterns occur, i.e., their diagnostic sensitivities may be between 30% to 100% due to different variabilities. The time of puncture in the course of the disease depends on the cause of the disease. A patient with a bacterial meningitis appears in the hospital already at the first day for a lumbar puncture, with a viral encephalitis evtl after a week and with a neurotuberculosis as late as three weeks after start of the disease 3 . The variability may also depend on the localisation of the disease in brain. E.g., the detection of intrathecal CEA is missed in case of a frontotemporal localization of the metastasis ( s.above). This means that the presence of a certain pattern is an indication for the disease, but the absence of CSF abnormalities mean not that the disease (or a brain metastasis) does not exist.
Other variations may come from different pathomechanisms in a disease as described above for the neurosyphilis.
In the HSV encephalitis the intrathecal immune response becomes detectable only after one to two weeks (as oligoclonal IgG and IgG IF > 0 in a one class immune response) but can later, depending on the course of the disease, develop temporarily an intrathecal IgA and IgM synthesis (Figure 19 .4b in Wildemann et al. 3 ). In multiple sclerosis the obligatory intrathecal IgG occationally is accompanied by an IgM (< 55%) and rarely by an IgA (< 17%) synthesis. The comparison with the patterns in the eye and CSF of the individual patient shows that in spite of similar statistical frequencies in eye and brain, in the individual patient the IgM and IgA isotype patterns are arbitrarily variable 26 . A particular information comes also for the antibody patterns (MRZ antibody reaction) with arbitrarily varying in the individual patient in spite of statistically similar frequencies in both body fluids 26, 47 . These examples indicate the limits of a software supported, knowledge based interpretation in cases of missing typical patterns which leave the final interpretation to the experienced neurologists knowledge and intuition to associate variants to the correct diagnosis.
